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ABSTRACT: The incidence of volunteer EnlistTM soybean in the post-emergence of crops in succession, such as wheat, requires 
changes in chemical control. Thus, the objective of the work is to evaluate the efficiency of different post-emergence herbicides in 
the control of volunteer EnlistTM soybean and wild radish and their selectivity to wheat. For this, four experiments were conducted 
in 2017 and 2018 in field and greenhouse. The treatments tested were pyroxsulam, saflufenacil, pyroxsulam + saflufenacil, 
pyroxsulam + bentazon, pyroxsulam + metribuzin, saflufenacil + bentazon, and saflufenacil + metribuzin in 2017, and triclopyr, 
saflufenacil, MCPA, quinclorac, dicamba, pyroxsulam + metribuzin, metribuzin + metsulfuron, pyroxsulam + bentazon and bentazon 
+ metsulfuron in 2018. The variables were the control of wild radish and volunteer EnlistTM soybean phytotoxicity to wheat crop, 
yield components, and yield total. The association of the herbicides pyroxsulam and saflufenacil is efficient in the management of 
volunteer soybean EnlistTM, showing selectivity to wheat. The isolated application of dicamba and the associations of pyroxsulam 
with metribuzin and metribuzin with metsulfuron represent alternatives for selective management of volunteer EnlistTM soybean in 
wheat, in addition to efficiently controlling wild radish in post-emergence.
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Controle químico de nabo e soja voluntária EnlistTM

e seletividade à cultura do trigo

RESUMO: A incidência de soja voluntária EnlistTM na pós-emergência de culturas em sucessão, como o trigo, resultará na 
necessidade de mudanças no controle químico. Dessa forma, o objetivo do trabalho foi avaliar a eficiência de diferentes herbicidas 
pós-emergentes no controle de soja voluntária EnlistTM e nabo, e sua seletividade à cultura do trigo. Para isso, foram conduzidos 
quatro experimentos nos anos de 2017 e 2018, em nível de campo e casa de vegetação. Os tratamentos testados foram: 
pyroxsulam, saflufenacil, pyroxsulam + saflufenacil, pyroxsulam + bentazon, pyroxsulam + metribuzin, saflufenacil + bentazon 
e saflufenacil + metribuzin, no ano de 2017 e triclopyr, saflufenacil, MCPA, quinclorac, dicamba, pyroxsulam + metribuzin, 
metribuzin + metsulfuron, pyroxsulam + bentazon e bentazon + metsulfuron, no ano de 2018. Como variáveis, foi avaliado o 
controle de nabo e soja voluntária EnlistTM, fitotoxicidade à cultura do trigo, os componentes de produtividade e a produtividade 
total. A associação dos herbicidas pyroxsulam e saflufenacil foi eficiente no manejo de soja voluntária EnlistTM, apresentando 
seletividade à cultura do trigo. A aplicação dicamba isolado e as associações de pyroxsulam com metribuzin e metribuzin com 
metsulfuron caracterizaram-se como alternativas para manejo seletivo de soja voluntária EnlistTM em trigo, além de controlarem 
eficientemente o nabo em pós-emergência. 

Palavras-chave: Glycine max; fitotoxicidade; Raphanus spp.; Triticum aestivum L.
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Introduction
Wheat (Triticum aestivum L.) is the main winter cereal 

grown in southern Brazil. Its production area is about two 
thousand hectares (Conab, 2021). In addition to the benefits 
of soil conservation and nutrient cycling, winter crops such as 
wheat are an important tool in the integrated management of 
weeds, enabling changes in the mechanisms of action used in 
the summer harvest. 

Among the factors limiting the expression of the 
productive potential of wheat is competition with weeds, 
which negatively affects wheat growth and development and 
causes yield losses and grain quality (Lamego et al., 2013). In 
this context, wild radish (Raphanus spp.) stands out due to its 
highly competitive potential with wheat (Goggin et al., 2016) 
and the presence of biotypes resistant to herbicides inhibiting 
the enzyme acetolactate synthase (ALS) (Heap, 2021). In 
addition, volunteer soybean and corn plants in wheat have 
caused difficulties in management, with a tendency to intensify 
problems due to new technologies that confer resistance to 
herbicides, as is the case of the EnlistTM technology.

The EnlistTM soybean was developed aiming the use of 
the herbicides 2,4-D, glyphosate, and glufosinate ammonium 
during pre- and post-emergence, since this soybean presents 
tolerance to these molecules (Skelton et al., 2017). Although 
it allows the use of different molecules during the post-
emergence, the presence in EnlistTM soybean cultivars of 
genes that confer resistance to the main molecules used in 
the management of desiccation of winter coverings results 
in changes in the chemical control of volunteer incident 
plants after harvesting in areas of soybean/wheat succession 
(Zobiole & Kalsing, 2017). 

The chemical control of volunteer plants prevents their 
establishment in agricultural areas, avoiding the loss of yield 
crop in succession due to competition for resources in the 
environment (Terasawa et al., 2009). In this sense, volunteer 
plants may occupy an ecological niche similar as that of the 
crop and, together with factors such as the density of plants 
in the area and the period of growing together with the crop, 
determine the intensity of yield losses. In corn crop, the 
maximum losses due to competition with high populations 
of volunteer RR® soybean caused yield losses of 56% (Alms 
et al., 2016), a percentage of loss similar as that caused by 
weeds such as Chenopodium album (Moechnig et al., 2003) 

and Amaranthus retroflexus in that crop (Knezevic et al., 
1994). Volunteer RR® soybean plants in succession areas of 
soybean/rice resulted in losses of 16% in rice yield, showing 
the interference of these plants and the need for control 
(Bond & Walker, 2009).

After the launch of the EnlistTM soybean technology, 
studies indicating post-emergence herbicides alternative 
to 2,4-D for application in wheat crop are necessary aiming 
an efficient control of volunteer EnlistTM soybean and other 
eudicotyledon weeds without harming the development 
of the crop. Thus, the objective of the work is to evaluate 
the efficiency of different post-emergence herbicides in the 
control of volunteer EnlistTM soybean and wild radish and the 
selectivity of these herbicides to wheat.

Materials and Methods
This study consists of experiments conducted in the field in 

the experimental area of the Centro Agropecuário da Palma/
UFPel (Experiments I and II) and in a greenhouse at the Centro 
de Herbologia of the Faculdade de Agronomia Eliseu Maciel/
UFPel (Experiments III and IV) in 2017 and 2018. 

The Experiment I aimed to evaluate the control of 
volunteer EnlistTM soybean and selectivity to wheat by 
applying herbicides. The design was randomized blocks with 
four replications, in which the experimental units consisted 
of plots with 4.59 m2 (1.53 × 3.0 m). The wheat cultivar 
TBIO Toruk and the discontinued EnlistTM soybean lineage 
were sown at a density of 150 kg ha-1 and five plants m-2, 
respectively, in a no-tillage system. The basic fertilization 
was carried out using 450 kg ha-1 of the formulation NPK 05-
20-20, according to soil analysis and recommendations for 
crop. For the cover fertilization, 80 kg ha-1 of nitrogen were 
used as urea, fractionated in an application at the beginning 
of the tillering and another at the beginning of the crop stem 
elongation.

Table 1 shows the treatments and doses used in the 
field with the specific adjuvant added to the spray solution 
when recommended in the package insert (Brazil’s Ministry 
of Agriculture, 2021). The treatments were applied when the 
plants of volunteer EnlistTM soybean were between the stages 
V4 and V5, and the wheat crop at the stem elongation stage. 
For the application, a pressurized backpack sprayer with CO2 

Table 1. Treatments and respective doses of herbicides used in experiment I.
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was used, equipped with fan tips 110.015 and a spray volume 
equivalent to 120 L ha-1. 

The control of weeds that were not the target of this 
experiment occurred through the application of clodinafop-
propargyl (0.25 L ha-1), plus mineral oil Assist® (0.5%), in 
addition to complementary weeding. Weeding was carried 
out weekly to maintain the weeded check. In addition, during 
the crop development, four applications of fungicides were 
carried out following the doses recommended for the crop. 

The variables analyzed were phytotoxicity to wheat crop 
and volunteer EnlistTM soybean control at 7, 14, 21, and 28 
days after application of treatments (DAT). Phytotoxicity and 
control were assessed using a visual scale from 0 to 100%, 
where 0 averages no injury and 100% complete plant death. 
The other parameters evaluated were the number of ears 
m-2 (NE), the number of grain spikelet-1 (NGS), the number of 
spikelets ear-1 (NSE), hectoliter weight (HW), and grain yield 
wheat (kg ha-1). To determine of NE, the number of ears in 
a square with an area of 0.25 m2 was counted. The NGS and 
NSE were determined by collecting ten ears per experimental 
unit and later counting the number of grains and spikelets. 
The determination of HW followed the procedure described 
in the Seed Analysis Rules (Brazil, 2009). The evaluation of 
wheat grain yield was by harvesting an area of 2.38 m2 per 
experimental unit, with the final weight of grains corrected to 
13% moisture and estimated in kg ha-1. 

The experiment II aimed to evaluate the selectivity to 
wheat crop. The design was randomized blocks with four 
replications, in which the experimental units consisted of 
plots with 7.65 m2 (1.53 × 5.0 m). The wheat cultivar TBIO 
Toruk was sown at a density of 170 kg ha-1, and the base and 
cover fertilization were carried out as described in experiment 
I. Experiments III and IV were carried out in a greenhouse 
due to the low population of wild radish and volunteer 
EnlistTM soybean in the conduction area of experiment II. 
This experiment was completely randomized with four 
replications. Each experimental unit consisted of plastic 
pots with a volumetric capacity of 1.75 L filled with soil and 
containing three wild radish plants (experiment III) and four 
soybean plants (experiment IV).

Table 2 shows the treatments and doses used in 
experiments II, III, and IV. In experiment II, the treatments 

were applied when the wheat was at the elongation stage 
and weeding was carried out weekly to maintain a weeded 
check. In experiments III and IV, the treatments were applied 
when wild radish plants had four to six leaves and the soybean 
plants were between the stages V4 and V5, respectively. The 
treatments were applied as described for experiment I.

The variables analyzed in experiment II were phytotoxicity 
of herbicides to the wheat at 10, 20, and 30 DAT, in addition 
to yield components and wheat total yield, according to 
the methodology described in experiment I. The weight of 
a thousand seeds (WTS) was quantified by weighing eight 
subsamples of one hundred grains per plot and the values 
were adjusted to 13% humidity, according to the Seed Analysis 
Rules (Brazil, 2009). In experiments III and IV, the control of 
wild radish and volunteer EnlistTM soybean at 7, 14, 21, and 
28 DAT was evaluated using the visual scale, as described for 
experiment I.

The data were analyzed for normality (Shapiro Wilk test) 
and homoscedasticity (Hartley test) and later subjected to 
analysis of variance (p ≤ 0.05). If significant, the averages were 
compared using the Duncan test (p ≤ 0.05). All analyses were 
performed using the software R. 

Results and Discussion
For experiment I, the analysis of variance showed 

significance for the variables phytotoxicity and control of 
volunteer EnlistTM soybean on all evaluation dates and for 
the yield components number of spikelets-1 (NSE), number 
of ears m-2 (NE), and grain yield (Tables 3, 4, and 5). For 
experiments II, III, and IV, there was significance for control of 
wild radish and volunteer EnlistTM soybean and phytotoxicity 
on all evaluation dates, in addition to the yield components 
hectoliter weight (HW), weight of a thousand seeds (WTS), 
and grain yield (Tables 6 to 9). It was not necessary to perform 
data transformation for the analyzed variables.

Regarding the control of volunteer EnlistTM soybean in 
the experiment conducted in 2017, in general treatments 
involving the herbicide saflufenacil alone and in mixture with 
pyroxsulam, bentazon and metribuzin promoted a control 
above 80% in all evaluations, not differing from the weeded 
check at 7 and 21 DAT (Table 3). The mixture of pyroxsulam 

Table 2. Treatments and respective doses of herbicides used in experiment II.
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with saflufenacil was the most efficient in the control of 
volunteer EnlistTM soybean at 28 DAT, with a value higher 
than 95%, not differing from the weeded check. Herbicide 
mixtures aim to increase the weed control spectrum and the 
effectiveness of applications (Busi et al., 2019), thus evidencing 
its importance. The application of saflufenacil mixed with 
pyroxsulam resulted in a volunteer EnlistTM soybean control 
higher than the isolated application at 28 DAT. 

The other treatments at 28 DAT did not differ statistically 
from each other, except for pyroxsulam + bentazon in relation 
to the mixtures saflufenacil + metribuzin and pyroxsulam 
+ metribuzin: the control was approximately 12% higher in 
these cases (Table 3). This smaller control of volunteer EnlistTM 
soybean found for the mixture of pyroxsulam with bentazon 
is attributed to the selectivity of soybean to bentazon. This 
was also reported for the control of eudicotyledonous weeds 
during crop post-emergence. 

The phytotoxicity to wheat crop promoted by the 
application of the isolated and mixed herbicides was low in all 
evaluations, except for the mixtures saflufenacil + bentazon 
and pyroxsulam + bentazon up to 14 and 21 DAT, respectively 
(Table 4). The expressive phytotoxicity to wheat found in the 
association of saflufenacil + bentazon can be attributed to the 
similar mode of action of these herbicides, which results in 
oxidative stress and lipid peroxidation of membranes (Hess, 

2000), which in turn may cause an effect of joint phytotoxicity 
due to the plant’s difficulty in metabolizing these molecules. 
In general, at 28 DAT, the crop showed recoverability in all 
herbicide treatments. The phytotoxicity was lower than 
15% in all treatments but differed from the controls without 
herbicide application.

As for the yield components, the application of 
herbicides to the wheat crop promoted a reduction in NSE 
in relation to the weeded check in all treatments, except for 
isolated pyroxsulam, which did not differ from the weeded 
check (Table 5). However, although there was a difference 
in the phytotoxicity of herbicide treatments in relation to 
the weeded and untreated checks in all evaluations (Table 
4), and also in NSE (Table 5), the final yield and the NE of 
wheat did not change. There was no difference between 
treatments and weed control for these variables. In addition 
to genetics and nutrition, the components of wheat yield are 
modified by environmental factors, including competition 
with weeds, with a direct influence on the management 
adopted (Vesohoski et al., 2011). The absence of differences 
in yield and wheat NE in relation to the weeded check can 
be justified by the reduced competition along the crop cycle 
with volunteer EnlistTM soybean plants after an efficient 
control. Otherwise, competition between weeds and wheat 
cultivation might cause reductions of up to 85% in wheat 
yield when growing together with ryegrass and wild radish 
(Lamego et al., 2013).

As for the control of volunteer EnlistTM soybean in the 
experiment conducted in the second growing season, there 
was an efficient control of the herbicide dicamba at 7 and 
14 DAT, which was similar as the weeded check, remaining 
stable until the last evaluation (Table 6). A similar result, with 
a maximum control efficiency, occurred for soybeans after 
the application of 140 g a.i. ha-1 of dicamba (Johnson et al., 
2012), showing the high sensitivity of soybean susceptible to 
this herbicide since this dose represents 20% of that used in 
the present work. The mixtures pyroxsulam + metribuzin and 
metribuzin + metsulfuron also did not differ from the weeded 
check and the treatment with dicamba at 21 and 28 DAT, with 
control higher than 95%.

Table 3. Volunteer EnlistTM soybean control (%) in wheat at 7, 
14, 21, and 28 days after treatments (DAT), in 2017.

1Averages followed by the same lowercase letters in columns are not significantly 
different by Duncan test (p ≥ 0.05).

1Averages followed by the same lowercase letters in columns are not significantly 
different by Duncan test (p ≥ 0.05).

Table 4. Phytotoxicity (%) of herbicides to wheat at 7, 14, 21, 
and 28 days after treatments (DAT), in 2017.

1Averages followed by the same lowercase letters in columns are not significantly 
different by Duncan test (p ≥ 0.05).

Table 5. Yield components of wheat number of spikelets ear-1 

(NSE), numbers of ear m-2 (NE), and grain yield (kg ha-1), in 
2017.
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The applications of triclopyr and MCPA resulted in the 
worst controls of volunteer EnlistTM soybean among treatments 
in all evaluations (Table 6). There were similar results for the 
control of volunteer soybean in sunflower by the application of 
triclopyr (120 g a.i. ha-1), showing that it is not an alternative for 
the control of volunteer soybean (Brighenti, 2015). It is worth 
mentioning that the insertion of the sdpA gene, which confers 
resistance to 2,4-D in EnlistTM soybean, also provides resistance 
to the herbicides triclopyr and MCPA (Queiroz & Vidal, 2014), 
which may explain the low control level in these treatments. 
Quinclorac also showed unsatisfactory control for volunteer 
EnlistTM soybean, reaching a regular control at 28 DAT (Table 6). 

For wild radish control, the mixtures pyroxsulam + 
metribuzin, metribuzin + metsulfuron, and pyroxsulam + 
bentazon did not differ from weed control after 14 DAT, 
achieving the maximum control efficiency at the end of the 
evaluation period (Table 7). In this evaluation, they did not 
differ from triclopyr and MCPA alone and from the mixture 
bentazon + metsulfuron, thus showing the high efficiency of 
these herbicides in the control of wild radish. The herbicide 
quinclorac, in addition to its inefficiency in controlling 

volunteer EnlistTM soybean, also obtained a low control for 
wild radish in all periods of evaluation.

All herbicides used for the management of volunteer 
EnlistTM soybean and wild radish were highly selective for 
wheat, with a phytotoxicity below 15% in all periods of 
evaluation (Table 8). Corroborating these results, applications 
of auxin-mimicking herbicides at post-emergence of wheat, 
such as 2,4-D, dicamba + MCPA and fluroxypyr + MCPA, have 
shown to be selective to this crop with a low phytotoxicity 
(Robinson et al., 2015). Other studies have reported the 
selectivity of wheat with the associated use of clodinafop + 
metribuzin and pinoxaden + metribuzin (Abbas et al., 2016) 
or the use of the herbicides metribuzin, bentazon, and 
metsulfuron alone (Agostinetto et al., 2016).

The selectivity of auxin herbicides, in general, occurs 
through metabolization and conjugation, hydroxylation and 
cleavage, which results in non-phytotoxic metabolites in 
Poaceae (Peterson et al., 2016). Likewise, the metabolism 
by glutathione-S-transferase (GST) is the most important 
mechanism of selectivity for PROTOX-inhibiting herbicides 
(Matzenbacher et al., 2014). In particular for auxin herbicides, 
the application stage in wheat is important to ensure selectivity 
to the crop. The applications carried out before crop tillering 
result in grain sterility and yield losses, as well as applications 
after the terminal spikelet stage (Rodrigues et al., 2006). 

Regarding hectoliter weight, there was no statistical 
difference in relation to the weeded check in all treatments, 
showing the maintenance of the quality and the health of 
wheat grains after applications (Table 9). For the weight of 
a thousand grains, the mixtures metribuzin + metsulfuron, 
pyroxsulam + bentazon, and bentazon + metsulfuron did 
not differ from the weeded check. There were no statistical 
differences for wheat yield for the treatments with MCPA, 
pyroxsulam + metribuzin, metribuzin + metsulfuron, and 
bentazon + metsulfuron in relation to the weeded check.

The increase in the frequency of resistance to herbicides in 
weed populations, as well as the presence of volunteer plants 
resulting from previously season that infest crops, demand 
efficient control practices. In this context, the association of 

Table 6. Volunteer EnlistTM soybean control (%) in wheat at 7, 
14, 21, and 28 days after treatments (DAT), in 2018.

1Averages followed by the same lowercase letters in columns are not significantly 
different by Duncan test (p ≥ 0.05).

1Averages followed by the same lowercase letters in columns are not significantly 
different by Duncan test (p ≥ 0.05).

Table 7. Wild radish control (%) in wheat at 7, 14, 21, and 28 
days after treatments (DAT), in 2018.

1Averages followed by the same lowercase letters in columns are not significantly 
different by Duncan test (p ≥ 0.05).

Table 8. Phytotoxicity (%) of herbicides to wheat at 10, 20, and 
30 days after treatments (DAT), in 2018.
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herbicides with different mechanisms of action is essential, but 
always considering the physicochemical compatibility between 
herbicides, selectivity to the crop of interest, and the tolerance 
event in volunteer plants in order to obtain an effective control 
and ensure the sustainability of agricultural activity.

Conclusions
The association of the herbicides pyroxsulam and 

saflufenacil is efficient in the management of volunteer 
EnlistTM soybean, showing selectivity to wheat crop. 

The isolated application of the herbicide dicamba and the 
associations of the herbicides pyroxsulam with metribuzin 
and of metribuzin with metsulfuron represent alternatives for 
selective management of volunteer EnlistTM soybean in wheat, in 
addition to efficiently controlling wild radish in post-emergence.
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